This study used interval scaling to assess degree of perceived foreign accent in English sentences spoken by native and non-native talkers. Native English listeners gave significantly higher (i.e., more authentic) pronunciation scores to native speakers of English than to Chinese adults who began learning English at an average age of 7.6 years. The results for the "child learners" suggest that a sensitive period for speech learning is reached long before the age of 12 years, as commonly supposed. Adults who had lived in the U.S. for 5 years did not receive higher scores than those who had lived there for only 1 year, suggesting that amount of unaided second-language (L2) experience does not affect adults' L2 pronunciation beyond an initial rapid stage of learning. Native speakers of Chinese who rated the sentences for foreign accent showed the same pattern of between-group differences as the native English listeners. The more experienced of two groups of Chinese listeners differentiated native and non-native talkers to a significantly greater extent than a less experienced group, even though the subjects in both groups spoke English with equally strong foreign accents. This suggests that tacit knowledge of how L2 sentences "ought" to sound increases more rapidly than the ability to produce those sentences.
dren ("child learners"), and even children themselves, may speak with a measurable foreign accent (Asher and Garcia, 1969; Tahta et al., 1981; Oyama, 1982; Thompson, 1984) .
It is possible, however, that listeners' identification of child learners and children as non-native in previous studies
was sometimes due to false alarms, not misses. In the Asher and Garcia (1969) study, for example, 23% of native English children were incorrectly identified as non-native. The present study, therefore, tested the hypothesis that child learners will speak L2 without a foreign accent. Sentences produced by native English adults were compared to sentences produced by Chinese adults who began learning English at an average age of 7.6 years. If a critical period for speech learning occurs at about the age of 12 years, their pronunciation scores should not differ from those of English native speakers. If a critical period occurs before the age of 12 years (or does not exist), on the other hand, the child learners might receive significantly lower (i.e., less authentic) scores.
B. Length of residence
The critical period hypothesis leads to the expectation that the amount of L2 experience will have little effect on L2 pronunciation for individuals who begin learning L2 after the critical period has been passed. In keeping with this, the L2 pronunciation of adults is often said to "fossilize" (Selinker, 1972) , that is, be resistant to further change after an initial period of rapid improvement (Scovel, 1988) . However, several studies examining the effect of length of residence have shown that L2 pronunciation improves with L2 experience. The dependent variable in these studies is "length of residence," usually quantified as the number of years spent in a place where L2 is the predominant language. It is generally assumed that the amount of L2 input increases linearly with years in an L2-speaking environment.
• It has been shown that degree of foreign accent, or the frequency with which non-native talkers are identified as such, decreases as length of residence increases (Asher and Garcia, 1969; Purcell and Surer, 1980; Snow and HoefnagelH6hle, 1982) . A closer examination suggests, however, that the effect of length of residence may be confined to individuals who begin learning L2 before the age of 12 years. Surer (1976) and Purcell and Suter (1980) found equally strong simple correlations between age of learning and degree of accent as between length of residence and degree of accent. (Length of residence and age of learning were inversely correlated, as in many other studies. ) However, while length of residence accounted for a significant amount of variance in the pronunciation scores in a multiple regression analysis, age of learning did not. Thompson (1984) , on the other hand, found that age of learning but not length of residence accounted for a significant amount of variance in a multiple regression analysis. The length of residence variable was probably significant in the Surer (1976) but not the Thompson (1984) study because most of Suter's subjects began learning L2 after the age of 12 years, while many of Thompson's subjects began learning L2 as young children. Results obtained by Oyama (1982) support this interpretation. English listeners judged degree of perceived foreign accent in the English spoken by subjects who arrived in the U.S. between the ages of 6 and 20 years. Oyama found that a significant correlation existed between age of arrival and degree of foreign accent when the confounding effect of variations in length of residence was partialed out, but not the reverse.
The second aim of this study was, therefore, to test the hypothesis that, beyond an initial stage of rapid improvement, amount of L2 experience does not affect how well adult learners pronounce L2. Foreign accent was evaluated in sentences spoken by two groups of adults who had lived for about 1 and 5 years in the U.S. Since both groups began learning English L2 as adults, the critical period hypothesis would be supported if no difference in pronunciation scores between the two groups was observed.
C. Non-native's ability to gauge foreign accent Scovel (1988) described a series of unpublished experiments examining listeners' ability to detect foreign accent (see also Neufeld, 1979 Neufeld, , 1980 . The English sentences examined were spoken by ten native speakers of American English, eight non-natives whose English pronunciation was "excellent," and two native speakers of non-American English (Irish, South African). The task was to identify which samples were spoken by someone "not American." As shown in Fig. 1 , native English children's ability to detect non-native speakers, and to avoid calling natives foreign, did not reach adultlike levels until about the age of 9 years. It is not surprising that non-native adults performed the task less well than native English adults. The rate at which they detected foreign accent correctly was correlated with their degree of proficiency in L2. As shown in Fig. 1 Samuel, 1982) . Once a phone has been identified as being the realization of a phonetic category, its distance in the phonetic space from the category's center is gauged. If a sentence contains a phone judged to fall outside a "tolerance region" centered on the prototype, it might be heard to be foreign accented. 2
Scovel's (1988) results suggest that the ability to gauge degree of foreign accent in English sentences is a skill that develops slowly with English-language experience. Perhaps adults who learn an L2 become better able to detect foreign accent--and to gauge its strength--by establishing prototypes for phones in L2. This was tested in the present study by examining the pronunciation scores given to native and non-native talkers by groups of native Chinese speakers who had lived in the U.S. for about 1 and 5 years. If the prototype hypothesis is correct, the experienced Chinese listeners should distinguish the native and non-native speakers to a greater extent than relatively inexperienced Chinese listeners.
D. The effect of pauses
The oral interview test used by the Foreign Service Institute to assess foreign language proficiency makes use of five variables: grammar, vocabulary, comprehension, accent, and fluency. "Accent" is likely to be related to details of segmental articulation, intonation, and rhythm. These are all dimensions along which an L2 learner's performance might be compared to L2 phonetic "norms." The term "fluent" is often used to describe L2 production (e.g., Elman et al., 1977) . It is uncertain upon what acoustic dimensions the perception of degree of fluency depends, but the dimensions are likely to include the number, location, and duration of pauses, prolongations, and repetitions in sentences.
Non-native speakers seem to produce sentences containing more, and perhaps longer, pauses than native speakers (James, 1988) . Removing pauses might make sentences spoken by non-natives sound more fluent, and thus lead to higher global foreign accent scores. This hypothesis assumes that, as implied by the nominal components of the Foreign Service test, accent and fluency represent separate (or separable) perceptual dimensions. It may be, however, that the perceived degree of fluency does not contribute to foreign accent judgments, or that accent and fluency judgments interact in some complex fashion so that removing pauses from sentences spoken by non-native speakers would not improve the foreign accent scores accorded to their sentences. This was tested in the present study by presenting sentences twice to listeners, once with the original pauses present and once with all auditorily detectable pauses removed. The Taiwanese subjects in group T2 were differentiated from the subjects in TI primarily according to English-language experience. They had lived in the U.S. for 5.1 years at the time of the study. The "child learners" in group CL were native Taiwanese speakers who differed from the subjects in T 1 and T2 according to the age of L2 learning. Whereas the subjects in groups T1 and T2 were first massively exposed to native-produced English upon their arrival in the U.S. sometime after the age of 20 years, those in CL arrived in the U.S. at an average age of 7.6 years. The subjects in CL had also lived much longer in the U.S. ( 12 years on average) than the subjects in T1 and T2.
I. Methods

A. Talkers
The native speakers of American English in group EN were monolinguals who were roughly matched for gender and age to talkers in the Chinese groups. Like the Chinese talkers, they were all affiliated with the University of Alabama at Birmingham. There were ten talkers in all groups except CL, which included seven talkers.
B. Stimuli
The talkers each read the following English sentences (along with two others) five times each from a randomized list:
The good shoe fits Sue. I can read this for you. The red book was good. /ts/) which do not occur in Chinese. They were used in a previous study examining degree of foreign accent in English sentences spoken by native speakers of Dutch (Flege and Eelting, 1987a) . The sentences, which will be referred to as the "Sue," "read," and "book" sentences, were recorded (Sony TCD5M) in a sound booth with a microphone (Nakamichi CM300) placed about 6 in. from the mouth.
The third token of the "Sue," "read," and "book" sentences spoken by each talker was low-pass filtered at 8 kHz before being digitized at 20 kHz with 12-bit resolution. Copies were made of each digitized sentence and pauses were edited from the copies whenever the author and an assistant both heard a pause, and when the perceived pause was visually evident in a display of rms amplitude. Table II presents the mean number and total duration of pauses removed from sentences spoken by talkers in the five groups. Pauses were removed from 62% of the "Sue" sentences, 43% of the "read" sentences, and 70% of the "book" sentences. Most pauses removed were shorter than 200 ms (see footnote 3 ). Slightly more pauses, and pauses of longer duration, were removed from sentences spoken by the talkers in groups T 1 and T2 than in group MA. This last group, in turn, had more and longer pauses than groups CL and EN.
The intensities of the sentences were normalized by determining the peak intensity in each sentence to the nearest The listeners were told they would hear sentences spoken by an unspecified proportion of native and non-native talkers. They were told to estimate the degree of foreign accent in each sentence by moving a lever on a response box over a 10-cm range. The range was defined by the labels "no foreign accent" (at the top of the range), "medium foreign accent" (at the middle), and "strong foreign accent" (at the bottom). The lever activated a potentiometer connected to an 8-bit A/D converter. Sentences judged to have been produced with the greatest authenticity could receive a rating of 256. Those produced with the least authenticity (i.e., with the "strongest" possible foreign accent) could receive a rating as low as 1.
The sentences were presented binaurally (TDH-49) at a peak syllable intensity of 73 dB (A) ( + 3 dB). The subjects were told to use the whole range. They pressed a button after positioning the lever at a position they deemed appropriate.
Each sentence was presented 1.0 s after a response was received for the preceding sentence. The "Sue," "read," and "book" sentences were presented in separate blocks, the order of which was counterbalanced across listeners. The order of condition (unedited versus edited) was counterbalanced within the three sentence types. Each of the three sentences X two editing conditions = six blocks lasted about I0 min.
Each separately randomized block contained three randomizations of 47 sentences. Responses to the first randomizations, which were presented to familiarize listeners with the range of foreign accents they would hea{, were not analyzed.
E. Analysis
The mean pronunciation scores given to the 47 talkers by the listeners in three groups were calculated for the edited and unedited versions of the "Sue," "read," and "book" sentences. Each mean was based on 18 judgments (nine listeners X two presentations). These talker-based scores were submitted in an ANOVA in which talker group and listener group served as between-subjects factors, and sentence and editing condition served as within-subjects factors. An alpha level of 0.01 was used to test main effects and simple main effects. An alpha level of 0.05 was used for post hoc tests Accordingly, a second analysis was performed. The mean scores given to the ten talkers each in groups MA and EN by each listener was computed. This yielded six averaged scores (three sentences • two talker groups) for the nine listeners each in groups T1-L and T2-L. Scores were computed only for the seven listeners in EN-L who had not served as talkers in group EN. The 150 scores that resulted were submitted to an ANOVA in which listener group and talker group were between-subjects factors, and sentence was a within-subjects factor. Table II ). To further test the effect of removing pauses, the 15 "Sue" and 13 "book" sentences from which at least 200 ms of silence was removed were examined. 7 The scores given to the edited and unedited versions of these sentences were submitted to separate listener group X condition ANOVAs. These tests indicated that removing pauses did not affect listeners' foreign accent judgments. The difference between the edited and unedited "Sue" sentences (68 vs 65), and between the edited and unedited "book" sentences (81 vs 75), were nonsignificant. Neither the effect of listener group, nor the listener group X condition interaction, reached significance in either analysis.
One last test of the effect of removing pauses was performed. Of the sentences spoken by the native speakers of Chinese, 28 "Sue," 20 "read," and 32 "book" sentences actually had pauses removed. The average difference in scores given by the native English listeners (EN-L) to the unedited and edited versions of these sentences was calculated. Separate multiple regression analyses were performed to determine if the number, average duration, and total duration of the pauses removed were related to the edited-unedited difference scores. The independent variables did not predict a significant amount of the variance in the pronunciation scores for either the "Sue," "read," or "book" sentences.
Finally, presentation in the "edited" condition of 18 "Sue," 27 "read," and 14 "book" sentences from which no pauses were actually removed provided a way to test the reliability of the procedure used for estimating degree of perceived foreign accent. If the procedure is reliable, then the listeners should have given the same scores to these sentences in both conditions since they were, in fact, judging identical stimuli. One-way ANOVAs showed that the scores obtained in the edited and unedited conditions for the "Sue" ( 181 vs 174), "read" ! 180 vs 179), and "book" (208 vs 207) sentences were not significantly different.
III. Discussion
A. Differences between talker groups
Two hypotheses were generated from the assumption that a critical period exists for human speech learning. The hypothesis .that adults who begin learning L2 before the age of 12 years will speak L2 without a measurable foreign accent was not supported. English sentences spoken by native Taiwanese adults who began learning English at an average age of 7.6 years received significantly lower Ithat is, more accented) pronunciation scores than sentences spoken by native English adults, even though these "child leamen" An effect of experience might have been noted if the talkers in group T2 had had more English-language experience, or experience of a qualitatively different nature from the less experienced talkers in group TI. However, the finding that groups T 1 and T2 did not differ is consistent with the widespread belief that the L2 pronunciation of adults ceases to improve ("fossilizes") at a relatively early stage of L2 learning (Selinker, 1972) . It also agrees with previous empirical studies that, when considered together, suggest that length of residence is a significant predictor of L2 pronunciation success only for individuals who begin learning L2 be- Thompson, 1984) .
The present results seem to diverge from those obtained by Flege and Eefting 11987b) using the same protocol and sentences as in the present study. Their study examined English sentences spoken by two groups of Dutch university students thought to differ principally according to English-language experience. The subjects in both groups began learning English in school in the Netherlands at the age of 12 years. The subjects in one group, who were majoring in English, continued to study English after high school. The subjects in the other group, who were majoring in engineering, did not study English after high school and had much less need and opportunity to speak English than the English majors. As in the present study, the more experienced of two groups (the English majors) received significantly lower pronunciation scores than native speakers of English. However, native English listeners gave the students of English significantly higher pronunciation scores than the engineering students ( 178 vs 86).
Why was an effect of L2 experience noted by Fiege and Eefting (1987b) but not in the present study? Perhaps the apparent divergence was due to the fact that, whereas the two Taiwanese groups examined in the present study were differentiated only by the amount of L2 input from native speakers, the two groups of subjects examined by Flege and Eefiing (1987a) may have differed in other ways also. The talkers in the Taiwanese groups T1 and T2 began to study English as an academic subject in junior high school. They did not arrive in the U.S. until after the age of 20 years, and were all graduate students or professors at the University of Alabama at Birmingham (mostly in computer science or engineering). The subjects in both groups used English during the workday, but continued to speak Chinese regularly.
Perhaps the English majors examined by Flege and Eefting (1987a) had more aptitude and/or greater motivation for L2 learning than the engineering majors in that study. Prima faeie support for this hypothesis comes from the fact that the English majors were specializing in a foreign language at the university level. The training in English phonetics that the Dutch students of English but not engineering received as part of their post-secondary education may also have been important.
Taken together with previous findings (e.g., Flege and Hillenbrand, 1984), the present results suggest an upper limit on how well L2 can be pronounced. It is not necessary to conclude, however, that the basic ability (or abilities) that permits children to learn L 1 without accent--viz., the ability to translate the sensory input that accompanies articulation into gestures--is lost or even attenuated after a critical period is passed. As noted by Flege (1987b), many factors in addition to age and possible neurological organization differentiate young children who learn L2 from adult learners of L2. These include the nature of L2 input received by children and adults, social and psychological factors, and differing communicative needs. It is also possible that L2 learners may succeed in producing some but not all L2 phones authentically (Flege, 1987c) .
The notion that a critical period for human speech learning stems from neurological maturation or reorganization (Lenneberg, 1967) implies an all-or-none phenomenon with well-defined temporal boundaries. However, the critical period for human speech learning differs from behaviors such as imprinting in ducks, where the behavior may be acquired (or at least stimulated) only c]uring a brief and welldefined interval. This is clearly not the case for human speech learning. For example, the adult learners in the present study had all succeeded to some extent in learning English pronunciation. It therefore seems more reasonable to speak of a "sensitive" period for human speech learning (Oyama, 1979 The results obtained here support the hypothesis that, as the native speakers of Taiwanese became more experienced in English, they gained more accurate information concerning how the phonetic segments in English sentences "ought" to sound (Linell, 1982) . This interpretation assumes, of course, that an important mechanism in making global foreign accent judgments as well as detecting foreign accent (Flege, 1984) is an evaluation of the extent to which the acoustic properties of particular phonetic segments diverge from internalized phonetic norms. An alternative hypothesis is that ability to gauge foreign accent improved because the listeners in T2-L were better able to note the presence of L1 phones in the English sentences than those in group T1-L (Neufeld, 1979 Contrary to expectation, the native but not the non-native listeners showed a significant effect of pause removal. It should be noted, however, that the effect of removing pauses was minuscule (3 points on a 256-point scale) even for the native English listeners. This finding suggests either that fluency judgments do not influence degree of perceived foreign accent, or that fluency cannot be perceived independently from the segmental and suprasegmental dimensions which determine accent. The present results do not allow us to choose between these two possible explanations.
One additional difficulty concerns the status of pauses in sentence production. One might reasonably regard pauses as an integral part of the sentences in which they are found. If . so, the removal of pauses in the present study might have had a generally salutary effect on degree of perceived accent, but it may nevertheless have lead to a countervailing decrease in the perceived goodness of individual syllables or phonetic segments. For example, placing syllables that occurred originally in a prepausal position in nonprepausal positions might make them seem too long. Similarly, the sentences might have seemed less well intohated after pauses were removed. This is because the voiced portions of the sentence, which have fundamental frequency contours, would be closer together.
It would be useful to determine in future research whether listeners can differentiate groups of native and nonnative talkers solely on the basis of fluency. Fluency and accent judgments may interact with one another, and with other dimensions such as grammar and word choice (Varonis and Gass, 1982). Perhaps removing pauses would have had a significant effect in the present study had the nonnative speakers' segmental articulation been more authentic, had more or longer pauses been removed, or both. pauses, or that the perception of disfluency might play a role only for sentences without obvious segmental or suprasegmental errors.
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IV. SUMMARY
This study examined factors that might influence global foreign accent scores accorded English sentences spoken by several groups of native Chinese adults. The first aim was to determine to what extent L2 pronunciation is influenced by the age at which L2 learning begins. Adults who began learning English L2 at an average age of 7.6 years received significantly higher pronunciation scores than adults who began learning English L2 as adults, but significantly lower scores than native speakers of English. This suggested that the early learning of L2 represents an important advantage, although it should be noted that the "child learners" had lived for a considerably longer time in the U.S. than the "adult learners." The finding demonstrated that, if a sensitive period for human speech learning exists, it occurs well before the age of 12 years.
The second aim was to determine whether the amount of L2 experience influences adult learners' L2 pronunciation. The sentences spoken by two groups of Chinese subjects who had lived in the U.S. for about 1 and 5 years did not differ significantly. This suggested that, beyond an initial stage of rapid learning, additional unaided experience with an L2 does not produce dramatic results. The finding did not mean necessarily that specific training would be futile, or that the seeming limitation on the improvement of pronunciation extends to all phones and phonetic dimensions.
The third aim was to determine whether non-native speakers who themselves speak with a foreign accent could gauge degree of foreign accent accurately. A group of Chinese subjects who had lived in the U.S. for about 5 years were better able to gauge degree of foreign accent in English sentences spoken by other native speakers of Chinese than a group who had lived in the U.S. for about 1 year only. The more experienced Chinese listener group had been shown not to differ from the less experienced group in ability to pronounce English. The finding therefore suggests that amount of L2 experience has a greater effect on ability to perceive L2 accurately than to produce it authentically. Perhaps the refinement of internal auditory perceptual representations for phones and phonetic dimensions in L2 continues over longer periods than do motor speech abilities.
Finally, the study provided a preliminary attempt to determine whether an assessment of fluency affects global foreign accent judgments. Somewhat surprisingly, removing pauses from the sentences spoken by the Chinese subjects did not result in an appreciable increase in foreign accent scores. This suggested that foreign accent judgments depend only (or mainly) on segmental and suprasegmental articulation, that "fluency" is not affected importantly by the presence of spoken without pauses by the same or other talkers. 4Some listeners said after the experiment that they had heard their own voice, but others did not. In other experiments of this type, we have found that listeners may erroneously report hearing their own voice. The listeners were not told the language background of the non-native talkers whose speech they were to assess. Some said they heard only Chinese accents, while others said they heard other kinds of foreign accents, especially Japanese-accented English.
•Tests of simple main effects indicated that the effect of sentence was significant only for groups MA and T1 [F(2,58) >3.64 in both instances]. Post hoc tests revealed that group T I's "book" sentences received significantly higher scores than their "Sue" sentences (92 vs 76). Group MA's "read" sentences received higher scores than their "book" sentences which, in turn, received higher scores than their "Sue" sentences ( 104 vs 75 vs 53). 
